Background: Based on the recent findings about the ability of sexual hormones to emit electrons (e aq -) and to act as electron mediator, it was of interest to investigate adrenaline as an important neurotransmitter. Materials and methods: Highest purity adrenaline (ADR) and chemicals were used for preparation of aqueous solutions (pH ;7.4). The excitation of ADR in singlet state was achieved by irradiation of airfree aqueous solution with monochromatic UV light at ls254 nm. The emitted ''solvated electrons'' (e aq -) were scavenged by chloroethanol, where the quantum yield of Cl -ions, Q(Cl -)sQ(e aq -). ADR degradation and formation of photolytic products were followed by HPLC analysis. Results and conclusion: It was found that Q(e aq -) values decrease with increasing ADR concentration: for 2.5=10
Introduction
Recently, our research group has established for the first time the ability of steroid hormones, such as 17b-estradiol (17bE2), progesterone (PRG) (1) , as well as testosterone (TES) (2) and the phytohormone genistein (GEN) (3, 4) , to eject electrons (e aq -) in polar media from their excited single state. This ability depends on the hormone molecular structure, concentration, temperature and pH of the polar media. The investigated hormones partly consume as well as transfer electrons to other biological systems. Hence, the hormones are also acting as ''electron mediators''. This phenomenon allows communication of the hormones with other systems in an organism via the brain and is achieved without forming complexes with receptors (5) . It should also be noted that the hormone transients, resulting from the electron emission process of the above-mentioned substrates, can lead to metabolite formation. Apart from this, it was found that some of the hormone metabolites can initiate cancer (6, 7) .
Taking into consideration the above-mentioned premises observed for steroid and phytohormones, it appeared of interest to also investigate adrenaline (ADR) as a representative of the neurotransmitter-hormone group in this respect.
Adrenaline (ADR; epinephrine; (R)-4-w1-hydroxy-2(methylamine)-ethylx1,2-benzenediol) is an endogenous catecholamine with combined a-and b-agonist activity and is a sympathomimetic hormone and a neurotransmitter, produced by the adrenal medulla. The biological action of ADR in an organism is a rapid preparation of the body for action in emergency situations by boosting the supply of oxygen and glucose to the brain and muscles, as well as simultaneously suppressing other non-emergency processes. It should also be mentioned that ADR is implemented therapeutically for treatment of cardiac dysrhythmics to increase cardiac rate and output as well as for treating anaphylaxis, sepsis, etc. (8) .
By contrast, ADR affects some processes in cancer treatment, e.g., an increased uptake of 5-fluorouracil in tumors is observed by simultaneous administration of ADR (9); it influences tumor growth (10, 11) . Obviously, ADR has a multifunctional activity in the organism. Thereby, it is assumed that the transients resulting by the emission of e aq -play a determining biological role.
It should also be mentioned that the reaction rate constant of e aq -with 100% protonated ADR is: k(e aq -qADRy NH 3 q )s7.5=10 8 L/mol/s (12, 13) . Thereby, the acidity constants of ADR are: pK a1 s8.02, pK a2 s9.46, pK a3 s10.28 and pK a4 s13.5 (14) .
The photolysis of ADR using UV light at 254 nm was intensively studied (15) (16) (17) (18) . As a main degradation product aminochrome and some melanin was found.
Based on the above-mentioned multifunctional biological activity of ADR, the objectives of the present study were mainly focused on the factors governing the electron ejection and the fate of the ADR radicals resulting from this process. 
Materials and methods
ADR of highest purity available (G99% Fluka Aldrich, Vienna, Austria) was dissolved in four-times distilled alkaline water (pH ;11) and then the pH was adjusted to 7.4 by means of perchloric acid. At this pH the amino group is protonated. Because the solutions are extremely sensitive to oxygen, even at room temperature, they were freshly prepared each time directly before use and immediately saturated with argon for 30 min prior to irradiation. The UV source was a low-pressure Hg lamp (Osram, HNS 12W, Vienna, Austria) with an incorporated Vycor filter for elimination of the UV-C line at 185 nm. ADR solutions were irradiated with monochromatic UV light of 254 nm (4.85 eV/hn) in a 4p-irradiation apparatus, shown in Figure 1 (19) . The ADR solution (200 mL) in the irradiation apparatus is surrounded by water provided by a thermostat keeping a desired constant temperature with a maximum fluctuation of "18C.
The ejected electrons (e aq -) were scavenged by 1=10 -2 mol/L chloroethanol, resulting in Cl -ions (see Eq. w1x), which were determined spectrophotometrically as a mercury(II) complex at 460 nm (20) . Hence, the obtained Q(Cl -)sQ(e aq -).
--
The UV intensity at 254 nm was determined using a chloroacetic acid actinometer, where at 308C the Q(Cl -)s0.32 and at 378C it is 0.41 (22) . However, the absorption of the used electron scavenger (ClC 2 H 5 OH) at 254 nm was negligible. The resulting Cl -yield was taken into account.
Analysis of UV-irradiated 10 -3 mol/L ADR solution was also performed using the HPLC method. Equipment and procedure used: Hewlett Packard, HP/Agilent-Technology, Waldbronn, Germany, series 1100 with DAD setup, series 1050; Hypersil ODS column (4.0=125 mm, PN 799 260D-564, batch Lot 4814), mobile phase: 5% acetonitrile, 50% methanol, 45% water, adjusted to pHs2.80 by phosphoric acid; injected sample: 15 mL, flow rate: 1 mL/min.
To obtain a deeper insight into the electron ejection process from excited ARD molecules in airfree, aqueous solution (pH(7.4), several series of experiments at different temperatures were performed. Firstly, the effect of substrate concentration on the electron yield, Q(e aq -), was studied using 2.5=10 -5 up to 1=10 -3 mol/L ADR. By application of less than 10 -5 mol/L ADR, the UV absorption at 254 nm is rather low and the results were not reproducible.
Results and discussion
The determined e aq -(mol/L) for each of the mentioned ADR concentrations are presented as a function of absorbed UV quanta (I abs , in hn/L) in Figure 2 . They represent mean values of several measurements, whereby a standard deviation of approximately 8-10% was observed. In general, the course of each individual curve showing the yield of e aq -(mol/L) is linear in respect to the absorbed UV quanta at the beginning, but above a UV dose of approximately 1=10 21 hn/L, there is a tendency towards a saturation value. This indicates that at lower UV dose the solvated electrons (e aq -) are generated directly from the substrate. However, the resulting ADR transients lead to the formation of products, which absorb UV light and are likewise able to emit electrons. At a UV dose of approximately 15=10 21 hn/L a saturation level of e aq -formation is reached, after which a decrease of the e aq -yield appears (not given in Figure 2 ), indicating a rather strong photodegradation of ADR and its products.
The ''initial'' quantum yields of e aq -, Q(e aq -), were calculated from the tangent of each curve (Figures 2 and 3 ) and are given as inserts. With increasing ADR concentration the Q(e aq -) values are decreasing, as already observed with the other hormones mentioned above (1, 2, 4). Hence, it is clear, that ADR likewise forms ''associates'' in the used concentration ranges. In addition to this there are nearly simultaneously competing processes for deactivation of the electronically excited molecules (e.g., fluorescence, phosphorescence, radiationless deactivation, reaction of e aq -with ADR) proceeding, which consume a part of the excited substrate molecules. The fate of the excited ADR molecules is not studied in this respect in the present study. However, these processes, as well as the relation between them, have been previously investigated by our research group on a number of compounds. The dependence of e aq -yield upon the various photophysical factors, such as fluorescence, intersystem crossing, etc. (23) .
In addition, photophysical processes and e aq -yields depend on temperature, pH and substrate concentration as previously observed in the case of 17bE2 and PRG (1) as well as TES (2) and GEN (4) . Experiments in this respect were carried out at 308C, 378C and 458C with ADR and are shown in Figure 3 .
The curves presenting the yield of e aq -(mol/L) in dependence of the absorbed quanta (I abs , hn/L) are similar to those in Figure 2 . Hence, it can be assumed that the same processes for deactivation of the excited ADR molecules are taking place at the studied temperatures.
It should be finally mentioned that in all experiments the pH of the ADR solutions strongly decreased from 7.4 to approximately 4, depending on the absorbed UV dose.
In accordance with previous investigations of phenolic compounds (23), more electrons are ejected from the p-electron structure of the ring following an intramolecular electron transfer from the OH group (positions 2 and 3) to the ring. Consequently, phenoxyl type of ADR transients are resulting (reaction w2ax), which can lead subsequently to product formation. Additionally, somewhat lower yields of e aq -can also be emitted from the -OH and amino groups in the ADR side chain. In all cases, the emission of e aq -is accompanied by an increasing H q yield:
With increasing absorbed UV dose the yields of e aq -and H aincrease at the beginning correspondingly; however, the curves are tending to achieve a saturation value because of substrate photolysis (Figures 2 and 3) .
Earlier investigations on ADR photolysis (ls254 nm) reported the formation of aminochrome as a main product (16, 24) . It was now of interest to determine the products from ADR transients, resulting from the electron emission process. Some HPLC analysis of unirradiated and samples irradiated with various absorbed UV doses were performed. In Figure 4 , a few chromatograms are shown for illustration of the subject matter.
The absorption spectra of the individual peaks were measured. Based on the characteristic absorption maxima of aminochrome of ADR (ls301 and 287 nm) (24), peak 2 of the HPLC chromatogram B, Figure 4 was identified as ADR aminochrome. With increasing absorbed UV dose (chromatogram C, Figure 4 ) a new peak 3, very close to peak 1, was registered. It was attributed to a mixture of dimers resulting from the mesomere structure given below. Also, a small peak 4 was clearly observed in the same chromatogram.
Considering reaction w2ax as a main source of the e aq -formation, it should be mentioned that the resulting phenoxyl-radical type of the ring exists in several mesomere structures wEq. w3x (25) x Each of these structures can lead to the formation of a final product. The formation of the observed ADR aminochrome (AC) (Figure 4) can be explained by cyclization of the mesomere structure (d) as shown in Eq. w4x:
Reaction w4x also demonstrates that N atoms act as an additional source of electron ejection as previously shown for aniline (23) .
The observed peak 3, Figure 4 , is attributed to a mixture of dimers resulting from the mesomere structures (Eq. w3x).
At prolonged irradiation in the presence of air aldehydes and carboxylic, acids can also be formed from structures (a) to (d), similarly shown for phenol (25) .
Based on a number of HPLC analyses of ADR samples treated with various absorbed UV doses, the degradation of ADR and the corresponding formation of aminochrome were determined. The obtained data are shown in Figure 5 , where -3 mol/L ADR; peak 2: aminochrome, formed by oxidation of ADR during the preparation of the solution. (B) Irradiated airfree sample; peak 1: ADR remainder, peak 2; aminochrome; (C) airfree sample irradiated at higher UV dose, peak 1: ADR; peak 2: aminochrome; peak 3: mixture of ADR dimers; peak 4: unknown photolytic product.
curve (A) represents the photodecomposition of ADR and curve (B) the formation of ADR aminochrome, both as a function of absorbed UV dose. From the slope of curves (A) and (B), the corresponding quantum yields (Q) have been calculated and are presented as an insert in Figure 5 . More than 50% of the decomposed ADR is converted into aminochrome.
For clarity, the correlation of determined initial Q(e aq -) and used ADR concentrations, individual data are compiled in Table 1 .
Comparing the obtained Q(e aq -)s0.9=10 -3 for 10 -3 mol/L ADR with those of ADR degradation, Q(-ADR)s 5.45=10 -3 and the formation of ADR aminochrome, Q(AC)s2.8=10 -3 (see curves A and B in Figure 5 ), it can be concluded that the cyclization process (reaction w4x) successfully competes with ''self-consumption'', a part of the ejected e aq -, k(ADRqe aq -)s2.5=10 8 L/mol/s (12) and the electron transfer process to other biological systems.
In other words, the initial Q(e aq -) yield of ejected electrons is in reality much higher than that determined by using chloroethanol as an electron scavenger. Hence, the yield of emitted e aq -involved in the communication of ADR with other biological systems via the brain is made possible by the main part of the total emitted electrons (5).
Conclusion
The highlights of the present study can be summarized as follows:
• ADR molecules in airfree, aqueous solution (pH ;7.4) can eject electrons (formation of e aq -) from their excited single state (monochromatic UV light, ls254 nm). Simultaneously, the pH of the media is decreased by formation of H q ions (reaction w2x). 6.0=10 • The initial quantum yield of emitted electrons, Q(e aq -), depends on substrate concentration and temperature.
• At higher concentrations, )10 -5 mol/L, ADR forms ''associates'' (unstable complexes), where the substrate molecules in ground state partly react with the generated e aq -(ks2.5=10 8 L/mol/s) and reduce the Q(e aq -) value. In addition, the major part of e aq -can be transmitted via brain centers to other biological systems. Hence, ADR is acting as an ''electron mediator'', which enables communication with other biological systems in organisms.
• The predominant part ()50%) of the ADR transients resulting from the electron emission process undergo cyclization, forming aminochrome in addition to dimers and small yields of other unidentified final products.
• Probable reaction mechanisms are given to demonstrate the rather complicated biological processes.
